BACKGROUND: Adherence to oral anticoagulant (OAC) agents is important for patients with nonvalvular atrial fibrillation (NVAF) to prevent potentially severe adverse events.
A nticoagulant agents are used to prevent blood clots (i.e., stroke prevention) among patients diagnosed with atrial fibrillation (AF)-the most common cardiac arrhythmia in the United States. AF had an estimated U.S. prevalence of 5.2 million in 2010, and total U.S. direct costs attributable to AF have been estimated at $6.65 billion annually. [1] [2] [3] AF is the cause of a substantial public health and economic burden. For example, patients diagnosed with AF have an increased risk of developing adverse events and worse clinical outcomes compared with non-AF patients, such as ischemic stroke, heart failure, chronic fatigue, or additional heart rhythm problems. [4] [5] [6] [7] [8] Furthermore, the risk of AF increases with age-currently more than half of AF patients are aged over 80 years. 9, 10 With the aging of the population, the number of people at risk is expected to rise to 12.1 million by 2030 and lead to a substantial growth of economic burden. 1, 10 Treatment with oral anticoagulant (OAC) agents can substantially reduce the risk of developing adverse events such as strokes and bleedings, reduce the associated risk of morbidity and mortality, and increase or maintain patient quality of life. 11 Recently, non-vitamin K oral anticoagulants (NOACs) have been approved by the U.S. Food and Drug Administration for stroke prevention in nonvalvular AF (NVAF) patients. Before the approval of NOAC agents, vitamin K anticoagulants (VKAs), such as warfarin, were the main treatment options used for stroke prevention among AF patients. 12 Because VKAs require recurrent monitoring of the anticoagulant effect
• Poor medication adherence, especially among oral anticoagulants (OACs), has been associated with worse patient outcomes and therapy failure.
What is already known about this subject
• Compared with vitamin K anticoagulants, such as warfarin, nonvitamin K oral anticoagulants (NOACs) do not require recurrent monitoring, have more predictable pharmacokinetics, and have fewer drug interactions.
• This study showed that patients treated with rivaroxaban had a significantly higher adherence to therapy relative to the other NOACs (i.e., apixaban and dabigatran) and warfarin whether using a proportion of days covered threshold of 0.80 or 0.90 to define an adherent patient.
• Rivaroxaban users were also less likely to discontinue their therapy compared with other NOAC and warfarin users. 
What this study adds

Study Endpoints
Adherence to OACs was evaluated using proportion of days covered (PDC) at 6 months and medication possession ratio (MPR). PDC was calculated as the number of days of supply over a fixed period of time (i.e., 6 months). MPR was calculated as the number of days of supply over treatment duration (i.e., the period between the first and the last dispensing of the index medication). Adherence to therapy was defined using PDC or MPR thresholds of ≥ 0.80 and ≥ 0.90.
Discontinuation was evaluated at 3, 6, 9, and 12 months and was defined as a gap of more than 30 days between the end of a dispensing days of supply and the start date of the next fill, if any. Sensitivity analyses were conducted using gaps of more than 15 and 45 days to define discontinuation.
Statistical Analysis
Descriptive statistics of cohorts were generated to summarize patient baseline characteristics and risk factors evaluated during the 6 months before the index date. Means, medians, and standard deviations (SDs) were used to describe continuous variables, while frequencies and percentages were used to describe categorical variables. Student's t-tests and chi-squared tests were performed to compare adherence between cohorts. In addition, treatment patterns (i.e., the number of dispensings and days of supply of the index drug) were reported over the observation period using means and SDs.
Adherence to the index therapy was reported using PDC and MPR at 6 months. The proportion of patients with PDCs (and MPR) ≥ 0.80 and ≥ 0.90 were reported. Comparisons between cohorts were assessed using unadjusted and adjusted logistic regression models. Adjustments included the following sociodemographic and clinical characteristics: age; gender; region; insurance type; index month and year; previous OAC use; Quan-Charlson Comorbidity Index score; CHA 2 DS 2 -VASc with dose adjustment-and NOACS do not-NOACs offer a less-demanding therapeutic regimen for patients. Moreover, NOACs have more predictable pharmacokinetics and fewer drug interactions. 13 Currently, licensed NOACs include oncea-day rivaroxaban and edoxaban and twice-a-day dabigatran and apixaban. [14] [15] [16] [17] Safety and effectiveness of therapies depend on patients taking their medications as prescribed, and this is even more important among chronically ill patients. Poor medication adherence, especially with use of OACs, has been associated with worse patient outcomes and therapy failure.
18 Medication nonadherence is common among NVAF patients, and nonadherence has been estimated to range from 22% to 58% among VKA agents. 19 Because of their recent regulatory approval, there have been limited adherence and persistence data for NOAC agents. 20 Considering the potential consequences that suboptimal adherence to OACs might have on AF patients, the purpose of this study was to assess real-world medication adherence and persistence to OACs among patients diagnosed with NVAF using U.S. health care claims data.
■■ Methods Data Source
Health insurance claims from the IMS Health Real-World Data (RWD) Adjudicated Claims database between July 1, 2012, and June 30, 2015, were used to conduct the analysis. The IMS RWD Adjudicated Claims database is one of the largest claims databases of U.S. commercial insurers. This de-identified, integrated database includes medical and pharmacy claims for more than 95 million unique U.S. enrollees. Data elements included inpatient and outpatient claims, diagnoses and procedures based on International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) and Current Procedural Terminology, 4th Edition (CPT-4) codes, and retail and mail order pharmacy claims. Because of the broad reach of the data, records in the IMS RWD Adjudicated Claims database are representative of the national commercially insured population; however, patients from the western region are underrepresented.
Study Design
A retrospective cohort design was used to assess adherence to rivaroxaban, apixaban, dabigatran, and warfarin among patients with NVAF. Criteria defined by the Pharmacy Quality Alliance (PQA) were used to identify the study population.
21
More specifically, patients were included if they had 2 or more dispensings of OACs at least 180 days apart after January 1, 2013 (the date of the first dispensing was considered the index date, and the type of OAC agent was considered the index agent) and had more than 60 days of supply. In addition to the preceding 2 PQA criteria, patients had to be newly initiated on the index anticoagulants agent (i.e., no previous use of the index agent in the 6 months before the index date), had to have a (i.e., a clinical prediction rule estimating the risk of stroke in patients diagnosed with AF) and HAS-BLED (i.e., a scoring system assessing the 1-year risk of major bleeding in patients diagnosed with AF) scores; previous diagnosis of venous thromboembolism, total hip arthroplasty, or total knee arthroplasty; and the number of different drug classes used at baseline. Furthermore, adjustments were made for stroke and bleeding risk factors, as well as the following risk factors for nonadherence (defined as mental disorders [depressive disorders, schizophrenia spectrum and other psychotic disorders, bipolar and related disorders, anxiety disorders, obsessive-compulsive and related disorders, dissociative disorders, somatic
No mitral stenosis or mechanical heart valve, organ, or tissue replaced by transplant during baseline period n = 13,645
No mitral stenosis or mechanical heart valve, organ, or tissue replaced by transplant during baseline period n = 6,304
No mitral stenosis or mechanical heart valve, organ, or tissue replaced by transplant during baseline period n = 3,360
No mitral stenosis or mechanical heart valve, organ, or tissue replaced by transplant during baseline period n = 13,366
Aged 18 years or older as of index date n = 13,789
Aged 18 years or older as of index date n = 6,373
Aged 18 years or older as of index date n = 3,394
Aged 18 years or older as of index date n = 13,986
At least 1 diagnosis of AF (ICD-9-CM: 427.31) during baseline or at index date n = 13,791
At least 1 diagnosis of AF (ICD-9-CM: 427.31) during baseline or at index date n = 6,373
At least 1 diagnosis of AF (ICD-9-CM: 427.31) during baseline or at index date n = 3,394
At least 1 diagnosis of AF (ICD-9-CM: 427.31) during baseline or at index date n = 13,990
Newly initiated on index OAC therapy (180 days washout period) n = 26,247
Newly initiated on index OAC therapy (180 days washout period) n = 7,299
Newly initiated on index OAC therapy (180 days washout period) n = 4,124
Newly initiated on index OAC therapy (180 days washout period) n = 37,657
At least 180 days of continuous eligibility before index date n = 30,748
At least 180 days of continuous eligibility before index date n = 7,299
At least 180 days of continuous eligibility before index date n = 14,249
At least 180 days of continuous eligibility before index date n = 122,838
FIGURE 1
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Demographics and Clinical Characteristics
continued on next page symptoms and related disorders, feeding and eating disorders, neurodevelopmental disorders, sleep-wake disorders, neurocognitive disorders, medication-induced movement disorders, and other adverse effect medication and personality disorders]; substance abuse; diagnosis of rheumatoid arthritis; isolation; stress; total copayment at index; and total health care costs). Statistical significance was assessed at an α-level of 0.05 or less. Kaplan-Meier rates of persistence were evaluated for each cohort, and multivariable Cox proportional hazards regression models were used to compare the time to discontinuation between different OAC users, adjusting for baseline confounders (i.e., the same covariates as for adherence analyses were used). Hazard ratios (HRs) and corresponding 95% confidence intervals (CIs) from the Cox models were used to compare cohorts.
All statistical analyses were conducted using SAS version 9.3 (SAS Institute, Cary, NC).
■■ Results Patient Characteristics
Of all NVAF patients (N = 222,453), 13,645 rivaroxaban, 6,304 apixaban, 3,360 dabigatran, and 13,366 warfarin users met the inclusion and exclusion criteria to form the final study cohorts (Figure 1 ). 
TABLE 2
Adherence Measures of OAC Cohorts significantly higher in the rivaroxaban cohort (0.86) compared with the apixaban (0.85, P = 0.001), dabigatran (0.81, P < 0.001), and warfarin (0.80, P < 0.001) cohorts.
After adjusting for baseline demographics and clinical characteristics, the proportion of patients with PDC ≥ 0.80 was 79.9%, 74.1%, 70.4%, and 66.3% for rivaroxaban, apixaban, dabigatran, and warfarin users, respectively (Figure 2A ). The associated absolute differences (ADs) in proportion of patients adherent to therapy remained significantly higher for rivaroxaban users versus apixaban (AD = 5.8%), dabigatran (AD = 9.5%), and warfarin users (AD = 13.6%, all P < 0.001; Figure 2A and Appendix, available in online article). Similarly, the adjusted proportion of patients with PDC ≥ 0.90 was 63.1%, 55.1%, 51.9%, and 48.4% for the rivaroxaban, apixaban, dabigatran, and warfarin cohorts, respectively, which represented even more pronounced ADs between rivaroxaban users and apixaban (AD = 8.0%), dabigatran (AD = 11.2%), and warfarin users (AD = 14.7%, all P < 0.001; Figure 2B ). Table 3 presents Kaplan-Meier rates of persistence to therapy for rivaroxaban, apixaban, dabigatran, and warfarin users evaluated at 3, 6, 9, and 12 months; these rates showed a higher persistence for rivaroxaban users compared with other OAC users at all time points evaluated. Patients treated with rivaroxaban were also significantly less likely to discontinue therapy at 3, 6, 9, and 12 months compared with those treated 64.2, and 62.9 years for the rivaroxaban, apixaban, and dabigatran cohorts, respectively, while warfarin patients were slightly older (mean age of 66.1 years). The most prevalent risk factors were hypertension (71%-75%), hyperlipidemia (53%-60%), coronary heart disease (31%-38%), and diabetes (27%-31%).
Treatment Persistence and Time to Discontinuation
On average, the NOAC cohorts were similar; however, notable differences existed at baseline between warfarin users and NOAC users. The warfarin cohort had higher Quan-Charlson Comorbidity Index, CHA 2 DS 2 -VASc, and HAS-BLED scores than the rivaroxaban, apixaban, and dabigatran cohorts (all P values < 0.001, data not shown). The warfarin cohort also had more hospitalizations and higher total hospitalization costs relative to each NOAC cohort during the 6-month baseline period. Of note, NOAC users were more likely to have previously used anticoagulant agents than warfarin users (all P values < 0.001, data not shown). Table 2 presents the treatment patterns and the unadjusted adherence results of rivaroxaban, apixaban, dabigatran, and warfarin users. The proportion of patients with PDC ≥ 0.80 at 6 months was significantly higher in the rivaroxaban cohort (80.1%) compared with the apixaban (75.8%), dabigatran (69.2%), and warfarin (64.5%) cohorts (all P < 0.001). The proportion of patients with PDC ≥ 0.90 was 63.5%, 56.9%, 51.3%, and 47.1% for the rivaroxaban, apixaban, dabigatran, and warfarin cohorts, respectively. The mean MPR was Recent studies have evaluated medication adherence of chronic NOAC users as defined by PQA criteria, and a 3-5 percentage point difference was found in the proportion of patients adherent to therapy in favor of rivaroxaban users compared with apixaban; a corresponding 5-8 percentage point difference was found in favor of rivaroxaban compared with dabigatran users. 22 Some studies have shown a similar or higher adherence to apixaban than rivaroxaban; however, there were key differences in study designs that may explain this. 23, 24 Studies with single-center, trial-like designs may not represent real-world practice, since they have direct patient support throughout the study follow-up. Consequently, they have significantly higher adherence rates compared with multicenter observational studies. 23 Also, a study where apixaban compared favorably with the other NOAC agents did not balance the observed time period between cohorts, which increased the risk of bias when comparing adherence. 24 Comparison of adherence between drugs approved at different points in time may lead to biased results in favor of the newest agent, which was the case with apixaban. Moreover, requiring patients to have at least 2 dispensings, as was the case in our study, would increase the likelihood of accurately measuring adherence in chronic anticoagulant users.
Treatment Patterns and Medication Adherence
with other OAC agents (Table 3) . Similar discontinuation patterns were observed in sensitivity analyses using gaps of more than 15 and 45 days to define discontinuation, since rivaroxaban users were significantly less likely to discontinue therapy compared with other OAC users (all P values < 0.05; except rivaroxaban vs. apixaban at 9 and 12 months in the gaps of more than 45 days sensitivity analysis).
■■ Discussion
This study assessed real-world medication adherence to OAC agents (rivaroxaban, apixaban, dabigatran, and warfarin) among patients with NVAF using U.S. health care claims data from July 2012 to June 2015. Rivaroxaban was associated with significantly higher adherence rates relative to other OACs whether using an unadjusted or adjusted PDC of ≥ 0.80. For adverse events with potentially serious consequences, such as a stroke, a stricter threshold may be considered to define adherence to therapy. More pronounced differences in adherence were found with an adherence threshold of 0.90. Rivaroxaban users were also found to be less likely to discontinue their therapy compared with other OAC users. Dosing frequency and dosing complexity have been identified as factors affecting medication adherence, and reducing dosage frequency from twice to once daily has been associated with improved adherence to therapy. [25] [26] [27] Among medications evaluated in this study, rivaroxaban has a lower pill burdenonce daily-than dabigatran and apixaban, which have twice daily dosing regimens. This difference in dosing frequency may partially explain the higher adherence to therapy of rivaroxaban users compared with other NOAC users. VKA agents also have disadvantages: therapeutic doses between patients can vary greatly, and there is a need for routine monitoring of anticoagulant activity. The burden of monitoring VKA agents could explain the higher adherence rates observed in the NOAC cohorts relative to warfarin users.
Limitations
This retrospective analysis is subject to limitations. First, adherence measures depend on the service date and days of supply from prescription claim records. In the absence of additional clinical information, it cannot be confirmed if all tablets supplied were actually taken as prescribed. Second, claims data depend on reimbursement coding of health care providers, and billing inaccuracies or omissions in coded procedures, diagnoses, or pharmacy claims are possible. Third, unobservable confounders may have existed that could have resulted in biased estimates. For example, the effect of the use of coupons, adherence intervention programs, or the days of supply of the formulary coverage (e.g., 30 days or 90 days) could not be accounted for in this study. In addition, our adjustment for the copayment at the index date might not represent the overall patient cost share, which has been documented to affect adherence to medication. 28 Fourth, the observational design of the study is susceptible to additional potential biases such as information or classification bias (e.g., identification of falsepositive or false-negative AF events). Finally, generalization of the study findings could be limited, since the database was predominantly sourced from commercially insured plan members.
■■ Conclusions
Based on insurance claims data, this large retrospective cohort study showed that patients treated with rivaroxaban had significantly higher adherence to therapy relative to other NOACs (i.e., apixaban and dabigatran) and warfarin whether using a PDC threshold of 0.80 or 0.90 to define an adherent patient. Rivaroxaban users were also less likely to discontinue their therapy compared with other NOAC and warfarin users. Further research is warranted to evaluate the potential effect that these differences may have on patient outcomes and health care resources.
